A pilot study examining the relationship between stress and serum cortisol concentrations in women with asthma  by LAUBE, B.L et al.
Vol.96 (2002) 823^828Apilot study examining the relationship between
stress and serum cortisol concentrations inwomen
with asthma
B.L.LAUBE*,z, BARBARA A.CURBOWw,z,RICHARDW.COSTELLOz, AND SHEILAT.FITZGERALDz
*Johns Hopkins University Medical Institutions, Baltimore,MD,U.S.A., wDepartment of Health Policy &Management,
Johns Hopkins Bloomberg School of Public Health, Baltimore,MD,U.S.A. and zDepartment of Environmental Health
Sciences, Johns Hopkins Bloomberg School of Public Health, Baltimore,MD,U.S.A.
Abstract Themechanism (s) bywhichstressexacerbates asthmaisunknown.Oneexplanationcouldbe areductionin
endogenous serumcortisol concentrations as a resultof stress.Ourobjectivewas to determine if a reduction inmorning
serum cortisol concentrations is associated with higher levels of stress in womenwith asthma. In this pilot study, seven
women with a history of allergic-asthma were prospectively assigned to either low, moderate, or high stress groups
based on a combination of their level of current stress and their resources to cope with the stress. After stress group
assignment, women donated amorning blood sample, whichwas analyzed for serumcortisol concentration by an inde-
pendent laboratory whose personnelwere blinded to the subjects’stress status.Threewomenwere assigned to the low
stress group, two to themoderate stress group and two to the high stress group. Serumcortisol concentrations ranged
from 8 to 23 mg/dl, averaging 1476 mg/dl. A Spearman rank correlation indicated that serum cortisol concentrations
were significantly inverselyrelated to the stressgroupings (rs =0.915;P = 0.025).These results suggestthat a reduction
inmorning serumcortisol concentrationmaybe associatedwithhigher levels of stress andlowerresources to copewith
the stress inwomenwith allergic-asthma.r2002 Elsevier Science Ltd.Allrights reserved.
doi:10.1053/rmed.2002.1366, available online at http://www.idealibrary.comon
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E¡orts to de¢ne risk factors for the development of
asthma have increased in the face of rising worldwide
trends in the prevalence and severity of asthma (1). As
traditional environmental risk factors, such as exposure
to allergens and pollutants, have not fully explained the
rise in asthma, attention is also focusing on the social en-
vironment and its e¡ect on this disease (2). In this pilot
study,we examined a possiblemechanism through which
oneproductof the social environment, emotional stress,
may be linked to exacerbations of asthma.
According to some patients with asthma and some
physicians who treat asthma, stress worsens their dis-
ease (2^4). However, the mechanism(s) by which stress
exacerbates asthma is unknown. Stress is de¢ned as a
process in which environmental demands tax or exceedReceived 6 July 2001, accepted in revised form 4March 2002
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E-mail: blaube@welchlink.welch.jhu.eduthe adaptive capacityof an organism, resulting in psycho-
logical and biological changes that may place persons at
risk for disease (5).
It is now thought that the hormonal responses of the
hypothalamic^pituitary^adrenal (HPA) system is a non-
speci¢c physiological reaction to excessive stimulation
(6), such as the emotional arousal that occurs when de-
mands seem to be overwhelming and less readily coped
with (7^8). Following activation of HPA, corticotropin-
releasing hormone (CRH) is produced by the hypothala-
mus. This, in turn, stimulates the pituitary to produce
adrenocorticotrophic hormone (ACTH). In humans,
ACTH activates the adrenal cortex to secrete cortisol,
which has known anti-in£ammatory e¡ects.
One of the recent advances in the ¢eld of asthma is an
emergingunderstanding of asthma and allergic disease as
chronic in£ammatory disorders, which may be modi¢ed
by neural, endocrine, immune and behavioral processes
(9,10).We theorized that one way stress may play a role
in exacerbating allergic-asthma is to reduce endogenous
serum cortisol concentrations such that any protective
e¡ect during or after allergen exposure is lost. If this
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duced in asthmatic patients who report high stress le-
vels. However, to our knowledge, no one has
determined if stress and cortisol concentrations are re-
lated in patients with asthma, or if they are reduced in
patients with higher stress levels. This is probably be-
cause it is di⁄cult to identify what is stressful to a given
individual, since it is not only the level of stress but also
the level of resources to cope with the stress that ulti-
mately determines whether an individual perceives the
stressor as excessive ormanageable.
Recent developments in psychological assessment
have produced more sensitive instruments for quantify-
ing stress.We used one of these new instruments in this
pilot study, which was designed to begin to examine the
relationship between stress and serum cortisol concen-
tration in subjects with allergic-asthma.
METHODS
Study subjects
Inclusionarycriteria: Subjects were included in the study if
they werewomenwith a history of allergy-induced asth-
ma, were in good health, had a baseline forced expira-
tory volume in one second (FEV1) 470% of predicted
values and had a 2+ response to an intradermal skin test
with increasing concentrations of ragweed, cat or dust
mite extract. No one participated without informed
consent, whichwas reviewed and approvedby the Com-
mittee for Human Research at the Johns Hopkins
Bloomberg School of Public Health.
Exclusionary criteria: Subjects were excluded from the
study if they weremale, werebeing treatedwith a corti-
costeroid (inhaled or otherwise), were a smoker, had
been hospitalized for their asthma within the last 3
months, had anupper respiratory viral infection or in£u-
enza within the last 3 months, were pregnant or trying
to get pregnant, were HIV positive, or had a history of
drug or alcohol abuse.
Use of medications: Subjects who were being medi-
cated with inhaled bronchodilators discontinued their
use 24h prior to any study visits.Those beingmedicated
with oralbronchodilators discontinued their use 48hbe-
fore any study visits.
Study summary
Potential subjects were recruited through an advertise-
ment in the local newspaper.Volunteers who responded
to the advertisement were mailed a questionnaire to
complete.Thosewho completed the questionnaire were
assigned to a stress group and were scheduled for a la-
boratory visit, during which they donated a blood sam-
ple and underwent pulmonary function testing and an
allergen-skin test.Stress questionnaire: Volunteers who responded to the
newspaper advertisement were mailed the Life Stres-
sors and Social Resources Inventory (LISRES-A) ques-
tionnaire for adults, developed by Moos (11). We chose
to use the LISRES-A questionnaire for two reasons.
First, it identi¢ed both the subject’s level of current
stress and their level of social resources to cope with
the stress. Second, although it was ¢eld tested on 1181
persons, 703 of thesewere female.
Volunteers mailed the completed questionnaire to us.
Individual levels of stress and resources were expressed
asT-scoresusing the guideprovidedbyMoos (11).T-scores
were transformed scores such that the mean of the dis-
tributionwas equal to 50 and the standard deviationwas
equal to 10. AverageT-scores for stress were computed
for eightmajor areas of life experiences including: Physi-
cal Health, Spouse/Partner, Finances, Work, Home/
Neighborhood, Children, Friends/Social Activities, and
Extended Family.
AverageT-scoreswere also computed for resources to
cope with the stress. The LISRES-A investigates the le-
vels of seven areas of life resources: Financial (in thou-
sands of dollars), Work, Spouse/Partner, Children,
Family, Friends, and Positive Life Events. Investigators
can examine the utility of each resource individually, or
they can sum the levels of resources across an individual’s
life context.
Stress groupings:To assist in the interpretation of theT-
scores from the LISRES-A, the developers of the instru-
ment also have provided categorical groupings.T-scores
may be categorized as the following for both stressors
and resources:r 34 = considerably below average; 35^
40 =well below average; 41^45 = somewhatbelow aver-
age; 46^54 = average; 55^59 = somewhat above aver-
age; 60^65 = well above average; and 66 =
considerably above average (12). This allows researchers
to group subjects into high, moderate, or low categories
for both stressors and resources. Previous research has
shown that such a categorization (i.e. high stressors and
low resources) can di¡erentiate between high and low
problem-drinkers (13).
As suggested by Moos and Moos (12), we categorized
both stress and resourceT-scores for each of our volun-
teers and, based on a combination of the two categories,
assigned each volunteer to a stress grouping.We com-
bined the categories because, theoretically,T-scores for
stress or for resources alone may not re£ect the true
magnitude of the stress level.Women who had T-scores
that indicated average stress levels and average re-
sources to cope with the stress were assigned to the
low stress group.Thosewho had T-scores that indicated
well above average stress levels and average resources
were assigned to themoderate stress group, while those
withT-scores that indicated considerably above average
stress levels and below average resources were assigned
to the high stress group.
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naire were assigned to one of the three stress
groups. They were then scheduled to come to the
laboratory between 9:00 a.m. and 11:45 a.m. to donate
a blood sample and undergo pulmonary function
testing and an allergen-skin test.For theblood donation,
5ml of venous blood were collected from each
subject and analyzed for serum cortisol concentration.
Subjects underwent pulmonary function testing in an
Auto Box 2800 body plethysmograph (Sensormedics,
Inc.; Anaheim, CA, U.S.A.) to measure their baseline
FEV1. Then, they underwent an intradermal skin
test to increasing concentrations of ragweed
extract (Greer Labortaories; Lenoir, NC, U.S.A.), cat
extract (ALK Laboratories; Milford CT, U.S.A.), or
dust mite extract (Miles, Inc.; Elkart, IN, U.S.A.).
Skin tests were modeled after that described by
Chai et al. (14) for ragweed.The lowest concentration of
antigen that produced a 2+ reaction was considered
to be the end-point. The 2+ grade was attributed to
reactions that produced a 5^10mm wheal and a
21^30mm erythema.
Serum cortisol assay: Morning serum cortisol
concentrations were determined by Smith, Kline
Beecham Biosciences Laboratories using the Ciba
Corning ACSTM Cortisol assay (Ciba Corning
Diagnostics Corp.; Med¢eld, MA, U.S.A.). This is a
competitive chemiluminescent immunoassay. With
this assay, the reference range for morning serum
samples for healthy males and females is 7^25mg/dl.
There is no reference range for healthy females alone
because, in adults, there is no signi¢cant dependence
of cortisol values on sex (15). To convert mg/dl cortisol
levels to nmol/l (i.e. Systeme International Units),
multiply mg/dl by 27.59.
Serum cortisol assays were conducted in a blinded
fashion, since personnel at the laboratory where the
blood samples were processed were unaware of the
stress status of those subjects whose blood was being
tested.TABLE 1
Subject
number
Age Race FEV1 (% predicted) Stres
1 33 AA 113 6
2 22 CA 71 4
3 23 AA 89 6
4 22 CA 82 5
5 27 CA 100 5
6 28 CA 71 6
7 33 AA 74 6
Mean = 27 86 5
SD = 5 16Data Analysis
The range andmean (7standard deviation) are provided
for the volunteers’ ages, FEV1 (percent of predicted),
stress andresourceT-scores and cortisol concentrations.
Spearman rank correlation tests were performed to de-
termine possible relationships between morning serum
cortisol concentrations and average stressT-scores, aver-
age resourceT-scores and stress groupings. A Spearman
rank correlation test was used for these analyses be-
cause this non-parametric test is most suitable for small
sample sizes (i.e. n = 7).P valueso0.05 indicated a statis-
tically signi¢cant correlation.
RESULTS
Subject population: Fourteen women completed the
LISRES-A questionnaire. Of that group, seven women
met all the inclusionary criteria and none of the exclu-
sionary criteria for the study.Table1shows that these se-
ven women ranged in age from 22 to 33 years, with a
mean age of 2775 years. Four women were Caucasian
American (CA).Threewere African American (AA). Six
women were using an inhaled bronchodilator to treat
their asthma symptoms.One woman reported that she
did not take any medications for her asthma. Baseline
FEV1ranged from 71to113% and averaged 86716% (Table
1).Fivewomenwere skin-testpositive to cat antigen, one
was positive to dustmites, onewas positive to ragweed.
Three of the seven women (subjects 2, 4 and 5) were
using birth control pills to prevent pregnancy.
Stress-grouping: Based on our classi¢cation criteria,
three women were prospectively assigned to the low
stress group, two were assigned to the moderate stress
group and two were assigned to the high stress group
(Table1).
Stress and resourceT-scores: Individual and mean stress
T-scores and resource T-scores are shown in Table 1.
Stress T-scores ranged from 49.0 to 68.0 and averagedsT-score ResourceT-score Cortisol
(mg/dl)
Stressgroup
5.0 49.0 16 Moderate
9.0 55.0 23 Low
6.5 42.0 8 High
1.2 47.4 17 Low
1.6 54.7 18 Low
5.0 47.0 9 Moderate
8.0 36.0 9 High
9.5 47.3 14
8.4 6.3 6
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averaged 47.376.7.
Morning serum cortisol concentration: Individual and
mean morning serum cortisol concentration are shown
inTable1.Cortisol concentrationsranged from8 to 23mg/
dl and averaged1476mg/dl. Median serum cortisol con-
centrations for women in the low, moderate and high
stress groups were18.0,12.5, and 8.5mg/dl, respectively.
Relationship between morning cortisol concentration and
stress and resourceT-scores: Figures1and 2 showmorning
serum cortisol concentrations vs stressT-scores and re-
sourceT-scores, respectively. A Spearman rank-correla-
tion test showed that morning cortisol concentrations
were signi¢cantly correlated with stress T-scores, such
that lower cortisol concentrations were associatedwith
higher stressT-scores (rs = 0.882; P = 0.031) (Fig. 1). A
Spearman rank-correlation test also showed that morn-
ing cortisol concentrations were signi¢cantly correlated
with resourceT-scores, such that higher cortisol concen-FIG. 2. Morningcortisol concentrations areplotted against re-
sourceT-scores. A Spearman rank-correlation test showed that
morning cortisol concentrations were signi¢cantly correlated
withresourceT-scores (P = 0.027).
FIG. 1. Morning cortisol concentrations are plotted against
stressT-scores. A Spearman rank-correlation test showed that
morning cortisol concentrations were signi¢cantly correlated
with stressT-scores (P =0.031).trations were associated with higher resource T-scores
(rs = 0.901;P = 0.027) (Fig. 2).
Relationship between morning cortisol concentration and
stressgrouping:Figure 3 showsmin,max andmedianplots
for cortisol concentrations for each of the three stress
groups. A Spearman rank-correlation test showed that
morning cortisol concentrations were signi¢cantly cor-
related with the stress groups, such that lower cortisol
concentrations were associated with higher stress
groups (rs =0.915;P = 0.025).
DISCUSSION
Results from this study of a small group of womenwith a
history of allergic-asthma indicated that morning serum
cortisol concentrations werewell correlatedwith stress
levels and the resources to copewith the stress, as quan-
ti¢edby the LISRES-A questionnaire developed by Moos
(11). In addition, we found that categorizing stress and re-
source levels as suggested by Moos and Moos (12) and
then combining these categories into stress groupings
also led to statistical signi¢cance, in terms of the associa-
tion with morning cortisol concentration. Taken to-
gether, these results suggest that morning cortisol
concentrationsmaybe statistically reduced in individuals
with high levels of stress and low levels of resources to
cope with the stress and the amount of resources to
cope with the stress appears to be as important as the
perceivedmagnitude of the stress.
We decided to look at morningmeasurements of ser-
um cortisol concentration because cortisol concentra-
tions exhibit a circadian rhythm. Although the basis ofFIG. 3. Cortisol data for the three stress groupings are pre-
sentedasmax,min andmedianplots.Mediancortisolconcentra-
tions are shownas awhiteline drawnthrougheachbox.Because
there were only two women in the moderate and high stress
groupings, the median values were also the mean values. A
Spearman rank-correlation test indicated that morning cortisol
concentrations were signi¢cantly correlated with the stress
grouping (P = 0.025).
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gests that it may result from periodic increases in corti-
cotropin-releasing hormone (CRH), due to a daily reset
of a central feedback element (16). Sincewe did notmea-
sure cortisol concentrations at other times of the day, it
is unknown if higher stress levels were associated with
changes in cortisol concentrations at those times aswell.
Althoughwe did not test for depression in thewomen
in our study, it is unlikely that depression played a role in
our ¢ndings, since episodes of cortisol secretion become
more frequent and of longer duration among depressed
patients compared to other psychiatric patients and nor-
mal individuals (17).Theoretically, depression should lead
to an increase, not a reduction, in morning cortisol con-
centrations.
Other studies have shown signi¢cant increases in ser-
um cortisol concentrations to means of 28mg/dl in sev-
eral di¡erent groups of women who were treated with
oral contraceptives for many months (18). However, it is
unlikely that the use of birth control pills by three wo-
men in our study (subjects 2,4 and 5) a¡ectedourresults.
This is because none of these women demonstrated
morning cortisol concentrations that were above the
normal reference range of 25mg/dl.
Three of thewomenwhowerenotbeing treatedwith
birth control pills (subjects 3, 6 and 7) showed morning
serum cortisol concentrations that were lower than the
threewomenwhowerebeing treatedwithbirth control
pills. However, the morning serum cortisol concentra-
tion for subject1,who alsowas notbeingmedicatedwith
birth control pills, was not dissimilar from the concen-
trations of subjects 4 and 5, who were being treated.
This suggests that other factors may explain the ob-
served di¡erences in cortisol concentrations between
subjects.
It is likely that we were able to show signi¢cant asso-
ciations between stress andmorning cortisol concentra-
tions in this small number of subjects becausewe limited
our subject population to one gender. It is clear that
males and females appear to have di¡erent stress experi-
ences within their natural environments. This is evi-
denced by the fact thatmales and females vary as to the
types of stimuli that are responded to as stressors in
terms of life events (19), and that they have di¡erent psy-
chosocial (19) and physiological (20) responses to the
same stressors. It is also thought that the integrity of
male and female stress responses is not associated with
the same personality variables (21,22). By limiting the
study population in this way, we reduced the risk of con-
founding our results with unforeseen variations in stress
levels as a result of including both genders.We chose to
study only women because women with asthma in the
over 20 years of age category appear to be more at risk
in terms of asthma incidence and hospitalizations due to
asthma, than men with asthma in the same age group
(23,24).Cortisol concentrations can be attenuated in indivi-
duals with asthma in a number of ways. Toogood et al.
(25) showed that one way to reduce cortisol concentra-
tion is to administer a daily dose of 2.4mg of inhaled bu-
desonide.When administered for 2 weeks, endogenous
cortisol secretionwaspartially suppressed in normal vo-
lunteers. Another studyby the samegroup showed a re-
duction in cortisol concentrations after daily
administration of 1.2mg of inhaled budesonide for a
month (26). In addition, Tan et al. (27) recently demon-
strated that 2.0mg of inhaled £uticasone propionate or
50mg of oral prednisolone, administered acutely at 10
p.m., signi¢cantly suppressed endogenous cortisol con-
centrations in patientswith asthma10h later, when com-
pared to placebo. Although cortisol concentrations can
be suppressed in this way, none of the women in this
study were being treated with corticosteroids (inhaled
or otherwise).
Cortisol concentrationsmay also be attenuatedby ne-
gative emotional responses thatdisturb the regulation of
the HPA system. For example, shifts in the circadian
rhythm of cortisol have been reported among persons
in acutely stressful situations (28), and chronic stress ap-
pears to induce hyporesponsiveness of the HPA axis in
some populations.This is evidenced by lower mean basal
plasma cortisol concentrations throughout the circadian
cycle and lower mean 24h urinary cortisol excretion in
some populations with posttraumatic stress disorder
(29). Stress-induced HPA hyporesponsiveness has also
been identi¢ed in research subjects with in£ammatory
disorders other than asthma (30).
One explanation for our ¢ndings could be that the
women who were classi¢ed in the moderate and high
stress categories of our study were similar to individuals
who are diagnosedwith posttraumatic distress disorder,
in the sense that their HPA systems may also have be-
come hyporesponsive. This could be due to the chroni-
city of the stimuli that trigger their stress responses,
including stimuli such as ongoing unemployment, pov-
erty, and living in a dangerous environment. Chronicity
may also be dependent on the long-term success of indi-
vidual coping resources and thewomen in themoderate
and high stress categories reported average or below
average resources for coping with their higher levels of
stress.
In summary, results from this study suggest that a re-
duction in morning cortisol concentration may be asso-
ciatedwith higher levels of stress and lower resources to
copewith the stress inwomenwith allergic-asthma.The-
oretically, this reduction in morning cortisol concentra-
tion may play a role in making their asthma worse.This
is because cortisol is known to have anti-in£ammatory
e¡ects and asthma is thought to be a disease that in-
volves chronic in£ammatory processes. Our ¢nding is
clearly preliminary in nature and is based on a very small
number of subjects. Since this is a pilot study, it is likely
828 RESPIRATORYMEDICINEthat our ¢nding should notbe generalized to populations
other than the onewe studied. Further investigations in
larger groups of women with asthma who have average
stress and average resources or above average stress and
below average resources are necessary to con¢rm these
results.
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